Recent studies in the tradition of Schmookler have re-emphasised the potential role of demand in stimulating innovation. Here, we reconsider the role of 'home' and 'export' market demand in stimulating manufacturing innovation using comparable panel data for two small open economies -Ireland and Switzerland. Our analysis is based on the estimation of reduced form innovation production functions using panel data estimators over the sample period 1994 to 2005. For a range of innovation indicators, however, we find little evidence of any significant market demand effects, with innovation performance instead determined largely by firm-level capability effects and characteristics. In policy and strategy terms this suggests the continued value of measures to improve innovation capability regardless of market demand conditions. In more methodological terms our results suggest the validity of the usual assumption implicit in modelling innovation outputs that supply-side factors predominate.
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Openness and Innovation -Home and Export Demand Effects on Manufacturing
Innovation: Panel Data Evidence for Ireland and Switzerland
1.Introduction
Recent studies have re-emphasised the potential role of demand in stimulating innovation in the tradition of Schmookler (1966) . Piva and Vivarelli (2007) , for example, consider the role of sales growth in stimulating R&D investments and innovation among Italian firms, while Edler and Georghiou (2007) consider the potential role of public procurement in stimulating innovation. Other studies have investigated the cyclicality of research and development expenditures and found either pro-cyclical firm behaviour (see Barlevy, 2007) , or no effects of demand shocks on R&D investments (see Rafferty and Funk, 2004) . A third group of studies has, more specifically, considered the relationship between innovation and export market demand and generally finds a positive linkage (Wakelin, 1998; Sterlacchini, 1999; Bleaney and Wakelin, 2002; Roper and Love, 2002; Lachenmaier and Wobmann, 2006 ). Blind and Jungmittag (2004) , for example, examine the effect of exporting on innovation among 2,019 German service firms and find evidence that being an exporter is strongly correlated with the probability of being both a product and process innovator.
Here, we reconsider the role of 'home' and 'export' market demand in stimulating manufacturing innovation using comparable panel data for two small open economies -Ireland and Switzerland. Our separate identification of home and export market demand follows Piva and Vivarelli (2007) who find that, among Italian firms, export demand has a stronger influence on innovation expenditures than domestic sales. In addition, as we are using rich panel datasets we are able to control for a range of factors -firm size, ownership, internal resources, industrial sector -which have been shown in earlier studies to influence firms' innovation outputs (see, for example, Love and Roper, 2001) . We are also able to explore alternative time lags between firms' innovation activity and market demand, counteracting the potential for endogeneity (e.g. Kleinknecht and Verspagen, 1990) . In this sense our study follows Hall et al. (1999) , who demonstrated positive demand effects on R&D growth in France, Japan and the US, although here we focus on innovation outputs rather than the R&D input to the innovation process. 3 The comparison between Ireland and Switzerland is interesting both because we are able to use panel data to overcome some of the causal issues which arise in crosssectional studies, a point highlighted in Piva and Virarelli (2007) Table 1) 3 .
These very different patterns of domestic growth, together with the two countries' common international market environment, might be expected to lead to very different patterns of demand effects on innovation. In fact, we find marked commonalities between the two countries, with our analysis emphasising the role of supply-side rather than demand-side effects. The rest of the paper is organised as follows. Section 2 outlines our conceptual model which adopts a behavioural approach, linking innovation outcomes to the anticipated effects of market demand on post-innovation returns. Section 3 describes our data and analytical approach and Section 4 outlines our main empirical results. Section 5 highlights the key empirical conclusions and draws out implications for methodology and policy. Our conceptual approach is based around the notion of an innovation or knowledge production function which models the knowledge transformation process by which knowledge inputs from R&D are translated into innovation outputs (Roper et al., 2008) . Firms' investments in R&D will occur when the results of these investments (i.e. innovations) are expected to earn positive post-innovation returns. Moreover, the scale of firms' investments in R&D are likely to vary positively with expected postinnovation returns. Decision-theoretic models of the choice of research intensity by firms (e.g. Levin and Reiss, 1984) , for example, suggest first order conditions which relate firms' investments in R&D positively to expected post innovation price-cost That is firms R&D intensity (RD it ) will be given by:
Conceptual Approach
Where, K it represents the availability of other external knowledge, RI it is a series of indicators of the strength of firms' internal resource and IND it is an indication of potential industry resources which might affect post innovation returns.
Innovation outputs will then be determined by the innovation production function (Geroski 1990; Harris and Trainor 1995) , reflecting firms' R&D investments, other knowledge sources and any additional factors which may influence the effectiveness of firms' knowledge transformation activities. If I it is an innovation output indicator we can write this:
Substituting for RD it from (1) then suggests the reduced form innovation production function:
4 See the references cited in Geroski (1990) , p 588, for a discussion of the basis for this type of relationship but in particular Dasgupta (1986) and Kamien and Schwartz (1982) . 5 'Conditioning variables' which have previously been used as part of the vector Z k include (Geroski, 1990) ; industry size and growth, capital intensity, export intensity and a proxies for the extent of unionisation. 
Here, the coefficients φ 1 and φ 2 will capture the impact of export and home market growth on the scale of firms' R&D investments and hence innovation. As we expect R&D investments to be positively related to expected post innovation returns, and innovation to be positively related to R&D inputs we anticipate both will have positive signs. In fact, we consider two forms of this model in our empirical analysis reflecting first the growth of firms' home and export markets and secondly the change in the growth of firms' home and export markets. We consider the second of these to reflect the possibility that innovation responds to market acceleration and deceleration rather than market growth per se.
The coefficient φ 3 on K it will reflect both the indirect effect of K it on RD it (i.e.α 3 ) as well as the direct impact of other knowledge sources on innovation outputs (i.e. β 3 )
The former of these -the sign of α 3 in equation (1) -will reflect the complementarity or substitute nature of R&D and other external knowledge sources, and may therefore in theory take either sign. Recent empirical studies, however, have emphasised the complementarity between internal and external knowledge sources for innovation, suggesting α 3 is likely to be positive (Roper et al., 2008) . The latter -the sign of β 3 in equation (2) reflects the impact of external knowledge sources on innovation. This should also be positive as external knowledge resources, like customers, suppliers, and universities should increases the likelihood of knowledge spillovers and innovation (Cassiman and Veugelers, 2002) . Our expectation is therefore that φ 3 will itself be positive (Table 2) .
Similarly, parameter φ 4 will reflect the indirect effect of firms' resource base on R&D investments (equation (1)) as well as the direct effect on innovation (equation (2) In sum, we have no strong a priori sign expectations for the coefficient on firm size in the reduced form innovation production function. An essentially similar position exists for external-owned firms, particularly when we control for firm size, sector and other characteristics (e.g. Love et al., 2007) . We expect more clarity in terms of firms' skill base where we expect a positive relationship between skill levels and R&D investments and between skill levels and innovation (Freel, 2005) . In part this expectation reflects the notion of absorptive capacity (Cohen and Levinthal, 1989; Cohen and Levinthal, 1990) which is likely to be greater the stronger is firms' skill base. In the models we include three skills variables; an indicator of the level of graduate skills in the firm; an indicator of the proportion of the workforce with no qualifications and a subjective indicator in which firms report whether skills were a barrier to their innovation activity. This is regularly observed in innovation studies to be a significant determinant of firms' innovation activity (see Arvanitis et al., 2007) .
Finally, we also include a dummy variable reflecting firms' subjective assessment of whether they faced financial barriers to engaging in successful innovation. On both this and the skill barrier variable we expect negative signs reflecting anticipated negative direct and indirect effects (see Table 2 ).
In addition to these firm-level variables we also include a set of sector controls at the 2-digit level and we also include three time dummies to pick up any secular differences between waves of the Irish and Swiss panel datasets 6 . For Switzerland we expect the time dummies to take a generally negative sign as the innovation performance of Swiss firms has deteriorated somewhat since 1996 (see Figure 1 ). For Innovation in the IIP is represented by three main variables. First, the proportion of firms' total sales (at the end of each three year period) derived from products newly introduced during the previous three years. This variable -"innovation success" -reflects not only firms' ability to introduce new products to the market but also their short-term commercial success. On average, 15.1 per cent of firms' sales were derived 7 The initial survey, undertaken between October 1994 and February 1995, related to plants' innovation activity over the 1991-93 period, and achieved a response rate of 38.2 per cent (Roper et al., 1996; Roper and Hewitt-Dundas, 1998 , Table A1 .3). The second survey was conducted between November 1996 and March 1997, covered plants' innovation activity during the 1994-96 period, and had a response rate of 32.9 per cent (Roper and Hewitt-Dundas, 1998) . The third survey covering the 1997-99, period was undertaken between October 1999 and January 2000 and achieved an overall response rate of 32.8 per cent (Roper and Anderson, 2000 from new products across the IIP (Table 3 ). The second innovation output measure is a binary indicator of product innovation which reflects the extent of product innovation within the target population. The third innovation output measure is a similar binary indicator of process innovation, an indication of the extent of process innovation within the target population 8 . Over the whole sample, 62.5 per cent of firms were product innovators while 59.2 per cent were process innovators (Table 3) .
Notably, however, the overlap between the group of product and process innovators was not complete: around 70.2 per cent of product innovators were also process innovators, with 75.3 per cent of process innovators also being product innovators.
Swiss innovation data provides information on manufacturing firms' innovation performance, innovation input, R&D cooperation, external knowledge sources, IPR, innovation obstacles, technological potential, and public innovation promotion over the period 1990 -2005 (triennial) . However the questionnaires in 1990 and 1993 were much less comprehensive than the later ones. The surveys are conducted based on a stratified random sample from the Swiss business census on firms with more than 5 employees (firm panel) covering the manufacturing, construction, and service sectors.
For the international comparison at hand we refer to firms with 10 or more employees.
Only data from the manufacturing sector and only data from the surveys 1996, 1999, Looking at the three innovation output measure we use, we find that in the SIP the proportion of new (innovative) products on total sales averages around 17 per cent slightly above the 15 per cent in Irish firms (see Table 3 Ireland and some in the UK region of Northern Ireland -the UK and Ireland are treated as the home market with real export market growth again proxied by growth in the US, Japanese and EU15 markets (excluding Ireland and the UK).
Our econometric approach is dictated largely by the fact that we are using firm level data from two highly unbalanced panels and that our dependent variables -the innovation output indicators -are not continuous 13 . We therefore make use of the GEE (population-average) estimator which provides perhaps the best econometric and we also could model the residuals of our estimations although for the moment we assume them to be unstructured 15 .
Estimation results
Our main focus here is on the effect of home and export market demand on innovation Table 4 ) and using the same estimation methods. In each model we include an export market growth indicator and a home market growth indicator with illustrative models given for Ireland and Switzerland in Table 4 . Table   10 gives a symbolic summary of the entire set of estimation results for home and export market demand.
Perhaps the key result which emerges from the estimation is the dominance of firmlevel factors and the relative weakness of home and export market demand effects in explaining innovation performance. For Ireland, we find no evidence of the anticipated positive and significant home or export market growth effects on any of the innovation indicators, and also no positive and significant effects from any of the market acceleration variables (Table 5) . For Switzerland the same general pattern is evident although we see some evidence of positive and significant export market effects on both the extent and success of firms' innovation activity (Table 5) .
Predominantly, however, for Switzerland as for Ireland we see little consistent evidence of the expected positive market demand effects on innovation.
What explains the differences between the two countries, particularly given the much more rapid growth of Ireland over the period of our study? In part this may be a result of the different circumstances of the two economies at the start of the study period. In comparing the results for Ireland and Switzerland we see marked similarities between most of the effects of explanatory variables (see highlighted fields in Table   4 ) and relatively few divergences. This points at the robustness of the results. Looking at the results in greater detail we see first and in both countries, a positive size effect on the probability of the firm being a product and process innovator but no size effect on innovation performance (see also Roper et al. 2008) . Second, in both countries we see the anticipated strong positive effects from graduate employment in the firm on the sales of innovative products (Freel 2005 ) but significant negative effects on the probability that firms will undertake process change. This latter result is interesting and may reflect the fact that more process oriented firms -which may be more likely to make process innovations -tend to have a larger unskilled workforce. Third, both in-house R&D activities and external knowledge sourcing are, as expected, both positively associated with an increased probability of innovating and innovative sales in both countries (Table 4) . Plant vintage (age), however, is negatively associated with innovation in both countries.
Marked differences emerge between the two countries, however, in terms of the pattern of coefficients on the time dummies, for which the reference period is 1993 to 1996. In Ireland, these are largely insignificant suggesting little change in innovation performance over the period of our study. Only the proportion of product innovators in the 2002 to 2005 period is significantly different from the reference period ceteris paribus (Table 4) . For Switzerland, however, we see a series of significant negative time dummy effects with a clear tendency for these to increase in absolute size in more recent years (Table 4) (Table 4) .
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Conclusions
Our main conclusion is that in terms of the probability of innovating, and in terms of the proportion of innovative sales, market demand matters much less than individual firms' innovation capability. In particular, our results suggest that both for Irish and Swiss firms the anticipated effects of market demand changes on post-innovation returns have a weaker impact on R&D investments and hence innovation than other capability or supply-side effects. Where we do find positive demand effects on innovation for Switzerland these are stronger for the growth in export market demand, reflecting the findings of (Piva and Vivarelli, 2007) for Italian firms.
From both a policy and strategy perspective the relative strength of firm-level capability effects -or supply-side effects -is reassuring suggesting that measures to improve firms' innovation capability can generate improvements in innovation performance regardless of market conditions. From a strategy standpoint, this suggests that firm innovation outputs are largely strategically determined with, for example, training for innovation and external knowledge sourcing proving important innovation determinants for both Swiss and Irish firms. From a policy perspective these results emphasise the potential benefits for innovation outputs of measures to develop firms' internal knowledge absorption or transformation capabilities.
Interestingly, we find little evidence in either country to support claims that financial barriers are having any significant negative effect on innovation outputs.
For Ireland, the finding that supply-side or capability factors are the primary determinants of innovation rather than market demand is perhaps unsurprising given the extent of inward investment and reinvestment over the study period. Indeed other studies have attributed similar importance to supply-side developments in Ireland with Daveri (2001) Based on ICT investment data he then estimates the contribution of ICT stimulated productivity changes to national GDP growth. In terms of labour productivity growth, he concludes that for Ireland, ICT capital added 0.35 pp to the growth in GDP per man hour through the later 1990s in addition to adding 0.59 pp to TFP growth. Only three EU countries (Ireland, Portugal and Greece) experienced positive growth effects from ICT through both effects.
14 modelling here, however, is whether these capability effects for Ireland were operating primarily through their indirect effects on anticipated post innovation returns and hence innovation, or directly on firms' knowledge transformation capabilities. For Switzerland, the situation is rather different, however, as levels of both R&D investment and innovation have fallen over the study period. The fall in R&D investment, in particular, in Switzerland suggests a decline in anticipated postinnovation returns due either to changing market conditions or capability factors rather than any particular decline in firms' knowledge transformation capabilities.
Here, therefore we would argue that changing international market conditions -linked to revaluation and EU integration -have reduced Swiss firms' ability to benefit from market growth.
In addition to these policy and strategy implications, our results also provide some reassurance in terms of standard approaches to modelling firms' innovation performance using innovation production functions. These standardly relate firms' innovation outputs to factor or knowledge inputs and other variables relating to firms' knowledge transformation capability and make an implicit assumption of the weakness of potential demand effects (Roper et al., 2008) . Here we do consider these effects but find they are relatively weak, suggesting that the supply-side dominated approach of most innovation production function studies may indeed be capturing most of the factors which drive innovation performance at the level of the individual firm.
Having said this it is clear that our market demand variables -albeit adjusted for each firm's exposure to home and export markets -are relatively crude proxies for firms' actual market growth. For example, we make no allowance for the segment of each sectoral market in which firms are operating, a factor which might significantly alter anticipated post-innovation returns. Limitations in our data also mean that we are unable to identify which specific export markets to which firms are exposed, and we are therefore forced to us a more generalised indicator of export market growth. On the innovation and capabilities side of our modelling we are more confident, and the similarity of the Irish and Swiss results here is particularly reassuring here. In the light 1994-1996, 1997-1999, 2000-2002, 2003- 1994 -1996 . Time dummies (1997 -1999 -2005 are significant negative for all models and for Switzerland and for Ireland time dummies are with one exception (process innovation 1997-1999 is significant positive) insignificant.
T-statistics in brackets. 
